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Abstract
The improvement of the characteristics of the road flexible pavements is essential in regard to the growth of the traffics and the
increasingly large performances of the vehicles. This improvement was made possible by the introduction of new methods and
processes of modification of the products.
The modification of the bituminous mix can be made in two manners: the first one is the modification of the bitumen binder
(process A), the other one consists of the direct addition of a modifier during mixing operation (process B).
It should be noted that one of the difficulties in Algeria is the absence of manufacturing units of the modified binders. For this
reason, it is recommended to use the process B.
In this article, the results of the influence of the modification of a bituminous concrete on its mechanical behaviour have been
presented, using laboratory tests by the addition of EVA (Acetate of vinyl and ethylene) and of EVA-waste (waste of sole of
shoes).
© 2009 Elsevier B.V.
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1. Introduction
Man kind has discovered early the bitumen and its several uses because of its many properties [1]. Indeed the
oldest human objects containing the bitumen known to date are probably old of 180.000 years [2,3]. The principal
use of this material was waterproof [1]. Today the bitumen’s essential application is in road engineering [2-4]. They
are heavy hydrocarbon by-products, black residues of crude oil obtained by direct distillation [4-6]. Whatever the
manufacturing process used, the objectives remain the same, that means to obtain a residue having particular
properties leading it to be essential in applications of roadwork [5, 7].
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The bitumen is part of the composition of the bituminous concrete constituent used in the flexible pavements [8].
The bituminous concrete must be flexible enough at weak temperatures of service to prevent cracking and to be
sufficiently rigid at high temperature of service to prevent rutting [9]. The problems of rutting of the surfacing are
the result of the accumulation of permanent deformations, under the effect of high temperatures [4,10-11]. Several
studies showed that the main cause of these degradations was the low stability of the wearing course [10-12]. For the
hot periods, rutting is all the more important as circulation is channelled and at low speed in the zones of
acceleration or deceleration [10]. The more usual type of rutting encountred results from the creep on the flexible
pavements [11,12].
The modification of the bituminous concrete by polymers [4-6,9,13-15] or polymeric waste [16-23] offers a
solution to correct this problem of stability and creep on bituminous concrete [23,25]. The EVA (ethylene and vinyl
Acetate) which is a plastomer has been used for the modification of the bitumen binder from more than 30 years
[24] in order to improve the handiness of the binder during construction and its resistance to the deformations of
service [13]. For a road use, the recommended EVA must contain a variable content vinyl acetate between 18 and
33% [7,26].
The incorporation of copolymers of ethylene in bituminous concrete involves a modification of their properties
[7,26], which is function of the bitumen itself (physical characteristics, chemical composition) and of copolymer (co
monomer nature, content and molecular mass) and of its content. At low contents of polymer (binders with bitumen
matrix), it is mainly the increase in the content of asphaltenes of the bitumen phase, which is at the origin of the
modification of the properties. At high polymer contents (polymeric matrix binders), the polymer plasticized by a
fraction of maltenes of the bitumen.
The modification can take place in two manners, one being the modification of the bitumen (process A), the other
consists of the direct addition of modifier during the mixing operation of the bituminous concrete (process B).
In this study, a bituminous concrete 0/14 was used. The modification was carried out according to the two
processes A and B. This work studies the influence of the nature of polymer and the manufacturing process of the
modified bituminous concrete on the mechanical characteristics Marshall (stability, flow and quotient).
A particular attention was paid to the process B for a possible improvement of the mixture. It should be noticed
the inexistence of manufacturing unit of bitumen modified in Algeria.
2. Materials and experimental methods
The bitumen used is an AC 80-100. Tests of usual characterization were carried out. The results are given in table
1. These results show that the value of the softening point is relatively low.
This will increase the risks of rutting in hot climate, knowing that in Algeria the temperature of 50°C is easily
reached.
The EVA and the waste of EVA were obtained from the S.A.E.L. (Company of Application of elastomers). The
EVA chosen for this study is a semi crystalline plastomer containing 18% of vinyl acetate with an index of fluidity
of 2,7 g/10 min. It is presented in the form of white lenses (2 to 5 mm). Waste is resulting from the crushing of the
falls of soles of shoes, it contains about 50 to 60% of EVA. It is presented under fine powder form (0.1 with 1mm).
The modified bitumens (EVA and waste) were manufactured at 175°C with a rate of shearing of 300 tr/min
during four hours. The contents adopted for the bitumens modified by the EVA are 3,5 and 7% and those modified
by waste are 1,2,3 and 4% of the bitumen weight. These contents were applied in the two manufacturing processes.
Table 1 Characteristics of the virgin bitumen
Test 80/100
Penetration (25°C, 1/10 mm) 88
Softening point (°C) 45
Asphaltenes (%) 10.8
Three Crushed granular fractions were used for the formulation of the bituminous concrete. They come from
quarries of the north of Algeria; sand from Keddara (Bouira) and the gravels from Cap-Djinet (Boumerdes). 2% of
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fine limestones are incorporated in the mixture to agree with the requirements for formulation. Table 2 gives the
characteristics of the aggregates. The chemical analysis shows that sand is calcareous and that the gravel is basaltic.
Table 2 Chemical analysis of aggregate summary
In this study, the bituminous concrete was subjected to the Marshall test. Dimensions of the cylindrical test-tubes
are 63,5 mm height and 101,6 of diameter. The samples were compacted with 50 blows by face at 150°C in
accordance with ASTM D 1559 standard. After one day of conservation to the room temperature, the test-tubes are
immersed in a bath of 60°C during 35 min. Marshall stability (in kN) corresponds to the maximum force recorded
during the test, flow (in mm) is the corresponding deformation. The report of the stability on flow, called quotient
Marshall (QM) gives an indication about the resistance of material to the permanent deformation in service [17, 27].
The optimum bitumen content (o.b.c) is 6%. Three types of bituminous concrete were used in this work. They
were characterised by their manufacturing process:
*The first noted M0 is obtained by mixing the net bitumen and the aggregates. It is the reference mixture;
*The second noted M1 for the EVA; D1 for waste, is obtained by mixing the bitumen modified with the aggregates
(process A);
*The third noted M2 for the EVA; D2 for waste, is obtained by mixing the aggregates, the net bitumen and modifier
it at the same time (process B). The incorporation of a modifier was gradually made in order to ensure the
homogeneity of the mixtures.
3. Results and discussion
3.1. Modified bitumen
In table 3 are given the measured results of: penetrability, softening point and the asphaltenes content. These
results show that the evolution of the physical properties of the two modified bitumens are characterised by a
reduction in penetrability, an increase in the softening point and an increase in the percentage of asphaltenes leading
to a decrease in thermal susceptibility.
Table 3 Characteristics of modified bitumen and the EVA Waste
EVA content (%) Waste content (%)
3 5 7 1 2 3 4
Penetration (25°C, 1/10 mm) 71 54 48 30 27 24 25
Softening (°C) 52 62 67 55 58 62 63
Asphaltenes (%) 11.41 13.15 14.32 11.2 12.7 13.9 14.8
The analysis of the chemical composition of the modified bitumen reveal an increase in the percentage of
asphaltenes, because of the displacement light-weight molecular towards the higher molecular weight fractions (oils
towards the resins and the resins towards the asphaltenes) [3-4, 28]. Consequently, this evolution will lead to the
Aggregates Sand Gravels
Fraction 0/3 3/8 8/15
(%) 40 18 40
Insoluble (SiO2+Silicates) 4.37 % 70.12
Fe2O3+Al2O3 1.32 % 20.40
CaSO4,2H2O Traces Traces
NaCl 0.17 % 0.12
CaCO3 94.01 % 6.83
CO2 41.36 % 3.00
Boiler feed water 0.27 % 1.85
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reduction in compatibility bitumen-polymer. These results show also that bitumen-waste are less compatible than
the bitumens-EVA, because of their consistencies which are more important.
3.2. Compactness of bitumen concrete
Figures 1 and 2 show compactnesses of the various mixtures. The results indicate that the addition of a modifier
in according to the process B gave higher compactnesses. It can be explain by the fact that the EVA and waste
additives play the reducer of vacuums. The granulometry adds play an important role. Indeed, 2% of waste gives the
same results of compactnesses as 7% of EVA.
Figures 1 and 2 show compactnesses of the various mixtures. The results indicate that the addition of a modifier
in according to the process B gave higher compactnesses. It can be explain by the fact that the EVA and waste
additives play the reducer of vacuums. The granulometry adds play an important role. Indeed, 2% of waste gives the
same results of compactnesses as 7% of EVA.
Concerning the process A, low compactnesses obtained are directly related to the temperature of mixing and
particularly of compaction. These temperatures must be increased by 10 to 20°C in order to let the modified
bitumens becoming more handy thus ensuring a good cohesion. However, these temperatures should not exceed the
200°C [7].
Studies of ageing [9], in this case, are then necessary in order to determine the impact of this increase in
temperature on the behaviour of the modified bitumens with coating and in service.
Fig.1. Compactness of the mixes modified with EVA
Fig.2. Compactness of the mixes modified with waste
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3.3. Stability of bitumen concrete
The Marshall test was carried out on bituminous concrete test-tubes 0/14. The bituminous concrete of reference is
not in conformity with the recommendations. The specifications [30] recommended; in the case of AC 80/100, are: a
stability higher than 8 kN and a creep ranging between 2 to 4. Figures 3 and 4 show the variation of stability of the
EVA and the waste within the two manufacturing processes. The stability of the mixtures M1, M2, D1 and D2 is
improved for all the modifier contents. Best stabilities were obtained using process A.
For 5% of EVA, the improvement is 54% and for 2% of waste it is of 34%. All this results refer to the reference
bituminous concrete. The addition of modifier directly in the mixer (process B) shows that the stability is improved
of 24% with 2% of waste and 28% with 7% of EVA.
Fig.3. Stability the mixes modified with EVA [3]
Fig.4. Stability of the mixes modified with waste
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3.4. Flow of bitumen concrete
Figures 5 and 6 show that the flow of the reference bituminous concrete is improved using the two processes for
certain contents of modifier. These mixtures are M1 and M2 (3 and 5% of EVA), D1 (2% of waste) and D2 (4% of
waste).
The flow obtained with mixtures M2 (7%), D1 (3 and 4%) and D2 (1 and 3%) are in conformity to the Algerian
specifications [30]. All the other mixtures give acceptable flows.
Fig.5. Flow of the mixes modified with EVA [3]
Fig.6. Flow of the mixes modified with waste
3.5. Marshall Quotient of bitumen concrete
The values of the QM (Quotient Marshall) were calculated in order to evaluate the resistance of the modified
bituminous concrete. A higher value of the quotient indicates that the mixtures are more resistant to the permanent
deformations [17]. The evolution of the quotient, function of modifier and the manufacturing process, is presented
on figures 7 and 8.
1324 S. Saoula et al. / Physics Procedia 2 (2009) 1319–1326
S.Saoula et al / Physics Procedia 00 (2009) 000–000 7
The M1 mixture with 5% of EVA reaches the maximum value of the QM. However, the mixtures M1 (3%) and D1
(1 and 2%) have same resistances, showing the all the interest for using this type of waste.
In the B process, resistances obtained are very satisfactory, particularly with the mixtures M2 (3 and 5%) and D2
(2%).
Fig.7. Marshall Quotients of the mixes modified with EVA [3]
Fig.8. Marshall Quotients of the mixes modified with waste
4. Conclusion
This work was axed on the performance evaluation using the modification process. The modification of the
bituminous mix can be made in two manners: the first one is the modification of the bitumen binder (process A), the
other one consists of the direct addition of a modifier during mixing operation (process B).
These results show that the evolution of the physical properties of the two modified bitumens are characterised by
a reduction in penetrability, an increase in the softening point and an increase in the percentage of asphaltenes
leading to a decrease in thermal susceptibility.
The study of the mechanical behaviour of the bituminous concrete showed that best resistances to the permanent
deformations are obtained with 5% from EVA and 2% of waste, regardless to the manufacturing process. This
constatation leads us to choose the B process its use does not require an additional investment.
S. Saoula et al. / Physics Procedia 2 (2009) 1319–1326 1325
8 S.Saoula et al / Physics Procedia 00 (2009) 000–000
The introduction of the EVA and the waste of sole of shoes during the mixing of the bituminous concrete is a
good solution, economical and efficient for the improvement of resistances against permanent deformations
(particularly rutting). Such bituminous concrete formulas can be considered to maintain the wearing courses of the
flexible pavements. They can also be applied in zones of heavy traffic like corridors of buses, the slopes, etc.
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